The present work studies demulsification of two types of crude oil emulsions by nine sugar-based ethoxylated amine surfactants. The effect of pH and salinity of aqueous phase of crude oil on emulsion stability was considered, and the correlation between demulsification rate and the type of crude was studied. Nine sugar-based ethoxylated amine surfactants were tested as demulsifiers for light and heavy crudes at different aqueous phase conditions. It was found that the light crude was more easily demulsified than the heavy crude. The experimental data showed that changes in pH or salinity of the aqueous phase of the emulsion enhance its stability and decrease the demulsification efficiency of the applied demulsifiers. Also, it has been shown that surfactants based on glucose octyl amine ethoxylates (GO) are the most effective in demulsifying the investigated emulsions. The data reveal that maximum demulsification efficiency is attained at a neutral pH whereas it decreases in both directions for either of the investigated crude oils. Furthermore, the results indicate that the percentage of water separation decreases as the salinity of the emulsion's aqueous phase increases. Light crudes showed better demulsification than heavy crudes under any test condition. The demulsification process for selected emulsions was monitored by optical microscopy.
INTRODUCTION
Crude oil emulsions are of water-in-oil type. These emulsions are very hard to handle because they are stabilized by various naturally occurring surface active agents such as resins and asphaltenes (McLean et al., 1998; Sjöblom, 1992; Speight, 1999) . Formation water with crude oil is in the centre of several problems, including: expenses for pumping or transporting water via pipeline or tankers, the corrosion of pipe work, pumps, production equipment and downstream overhead distillation columns, and the poisoning of downstream refinery catalysts (Speight, 1990; Speight, 1999; Vasquez and Mansoori, 2000) . Thus, there are a number of commercial and operating reasons for removing the emulsified water from the crude oil. Consequently, the factors which either enhance or reduce oil emulsion stability are of considerable importance to the oil industry. The most widely applied method of treating emulsions involves the use of chemical additives to enhance emulsion separation processes. These chemical additives are commonly known as demulsifiers. These chemicals not only remove water from the emulsions, but also help reducing operating costs, waste and disposal costs and emissions, besides increasing profits with material recovery and increasing plant efficiency. The rate of water separation and demulsification affected by the applied chemicals depend on many factors. These factors are related to both the demulsifier itself, e.g. chemical composition and concentration, and the crude oil emulsion, such as age of emulsion, composition, salinity and pH of the aqueous phase.
In previous articles, we have investigated the demulsification efficiency of different surfactants (Abdel-Raouf et al., 2010a; Abdel-Raouf et al., 2010b; Zaki et al., 1996a; Zaki et al., 1996b), focusing on destabilization conditions of different synthesized emulsions. All these studies have given us insight into the factors relating to stability of synthetic water-in-oil emulsions. In one recent work (Abdel-Raouf et al., 2010a), we have reported on the synthesis of some sugar-based ethoxylated amine surfactants, and tested them as demulsifiers for synthetic emulsions. The aim of the present work is to evaluate these surfactants as demulsifiers for two types of water-in-crude oil emulsions, i.e. light and heavy crudes. Some factors affecting demulsification rates were studied.
MATERIALS AND METHODS

Materials
Fresh water used throughout the experiments was double distilled de-ionized water. HCl, NaOH and NaCl used to adjust the pH and salinity of aqueous phase are AR chemicals obtained from Sigma-Aldrich Co. Light and heavy crudes used in the present work were obtained from Petrobel oil company, Egypt. In this paper, they are referred to as crudes A (heavy) and B (light).
Synthesis and characterization of the applied demulsifiers
Several ethoxylated sugar-based amine surfactants have been synthesized in our previous work (Abdel-Raouf et al., 2010a). The prepared surfactants were characterized by IR and 1 H-NMR spectroscopy. The hydrophilic-lipophilic balance (HLB) of those compounds ranged from 9.42 to 16.71, according to Griffin's formula (Griffin, 1954) , whereas their molecular weights (MW) as measured by gel permeation chromatography (GPC) ranged from 822.2 to 2451.9 g mol -1
. These data are listed in Table 1 . 
Preparation of W/O emulsions
Separation of formation water
The physical properties and compositions of the light and heavy crudes used in this research are shown in Tables 2 and 3, respectively.
Before preparing the re-constituted emulsions, the formation water was separated as follows: about 100 mL of crude oil was poured in a 100-mL cone-shaped graduated tube. The tube was then placed in a centrifuge, model Schimadzu MPW-350, and the speed of rotation was set at 1800 rpm for about 3 min. The amount of separated water was monitored and determined. The centrifugation process was repeated until all formation water was separated.
Re-constitution of emulsions
The re-constituted emulsions were prepared as mentioned in our previous work (Abdel-Raouf et al., 2010a). The experimental conditions used in this investigation are summarized in Table 4 . To test the effect of salinity, the pH of the emulsions prepared with the nine demulsifiers was neutral.
To test the effect of pH, fresh distilled water was used to prepare the investigated emulsions. The demulsifiers were dissolved in the desired amount of water (an amount equivalent to that originally present in the crude oil). They were added at the recommended optimum concentration (300 ppm with respect to total volume of the emulsion) to the emulsion in 100-mL graduated cone-shaped tubes stopped with Teflon lids. The emulsiondemulsifier mixture was stirred in a shaker at 500 rpm for 15 min, and then placed in a thermostated water bath adjusted at 30 °C to cancel the effect of temperature. The amount of separated water was detected and registered for each condition (pH, type of crude oil and degree of salinity) after 6 h. In all experiments, a blank was utilized to compare the results with the amount of water separated in the absence of demulsifier.
Monitoring Emulsion stability by optical microscope
The stability of crude oils A and B before and after the addition of demulsifier was monitored by an Olympus optical microscope. The images were snapped with a camera installed at the microscope at a magnification of 20 times. Table 4 . Experimental conditions of the investigated emulsions.
Emulsion
Conditions pH Salinity (Molar, NaCl)
1, 3, 7, 9 and 11 0, 0.25, 0.75 and 1
RESULTS AND DISCUSSION
In our previous publication (Abdel-Raouf et al., 2010a), nine sugar-based ethoxylated amine surfactants were prepared. They were used to break synthetic water-in-benzene emulsions stabilized by asphaltenes. We concluded that the most effective demulsifiers were derivatives with the octylamine group. Some factors controlling demulsification efficiency of the prepared demulsifiers were studied. In the present work, the prepared compounds were tested as demulsifiers for light and heavy crude oils.
Mechanism of demulsification process
Co-produced water generates many operational and economic problems. It is necessary to separate the water completely from the crude oil before transportation or refining. Sheu, 1996) . These components are arranged at the droplets interface and prevent them from approaching each other. The demulsification process starts when these components are replaced by other non-bulky components that allow the droplets to flocculate and decrease the interfacial elasticity of these droplets. Steps of emulsion breaking are illustrated in Figure 1 . The oil film breaks when the film thickness reaches a critical level. The main role of the demulsifiers is either to replace part of asphaltenes or combine with them. It is worthy to say that crude oil with lower asphaltene content will be subjected to demulsification processes more easily and faster.
Effect of crude oil emulsion on demulsification process
The experimental data showed that crude B was demulsified more easily than crude A by any of the applied demulsifiers. Figure  2 shows demulsification of crude oils A and B by the surfactants used (GOs) expressed as percentage of water separation (%), which was calculated with equation 1.
It is clear that crude A is more stabilized than crude B with asphaltenes and resins. It is also obvious that GO2000 gave maximum demulsification for the investigated crudes. In particular, the percentage of water separation after 6 hours for A3 and B3 was 95 % and 100 %, respectively. Our findings are in good agreement with those obtained by Abdurahman and coworkers (2007).
Effect of the pH of the aqueous phase
The effect of pH of the emulsion's aqueous phase was studied at five different pH values, namely, 1, 3, 7, 9 and 11. All results are summarized in Table 5 for crude oil A, and Table 6 for crude oil B. We found that the maximum demulsification efficiency is attained at a neutral pH, from which it decreases in both directions. The effect of the pH of the aqueous phase on emulsion stability is illustrated in Figures 3 and 4 for crude oil A, and Figures 5 and 6 for crude oil B, in acidic and alkaline media. It is clear that the minimal percentage of water separation was obtained at very acidic or very alkaline medium. This runs in harmony with previous findings (Zaki et al., 1996b) , and may be explained on the basis of the amphoteric nature of asphaltenes, which is highly affected by pH change. The water droplets will acquire a negative charge in basic medium and a positive charge in acidic medium due to the ionization equilibrium of asphaltenes. It is a wellknown fact that electrical charges on the surface of dispersed water droplets cause electrostatic repulsion. Therefore, acidic or basic pH values result in enhanced emulsion stability by offering an electrostatic barrier to coalescence in addition to the already existing steric barrier.
Effect NaCl concentration of the aqueous phase
It is very important to consider the effect of salinity (NaC1 concentration) on the demulsification ability of the investigated demulsifiers, since the actual oil-field emulsions are often encountered with brine. The experimental results obtained for crudes A and B are listed in Tables 7 and 8 
Demulsification of synthetic emulsion compared to crude oils
The demulsification efficiency of the prepared demulsifiers was previously studied in water-inbenzene synthetic emulsions. In the present work, the prepared surfactants were evaluated as demulsifiers for two types of crude oils. Figure 9 shows the demulsification efficiency of the ppm, fresh water and pH = 7, at 300 C after 2 h. Figure 10 shows the maximum demulsification efficiency for the prepared demulsifiers. Also, the demulsification efficiency of the prepared demulsifiers after two hours is tabulated in Table 9 , whereas the maximum percentage of water separation is given in Table 10 . The data for demulsification with synthetic emulsions are mentioned in order to compare the demulsification efficiency of the prepared demulsifiers with the light and heavy crudes examined here, and also to study the effect of asphaltene content on the demulsification process (Abdel -Raouf et al., 2010a) . The data show that, under the same test conditions, the amount of water separated from the synthetic emulsion (stabilized by 0.25 % asphaltenes) was greater than the amount separated from the investigated crudes. It is also obvious that crude oil B (about 9 % asphaltenes) was demulsified more easily than crude oil A (about 16 % asphaltenes). This may be explained by the stabilizing effect of asphaltenes. However, when the experiment time was extended to 6 hours, the amount of water separated from crude B was very close -and sometimes exceeded -that of water separated from synthetic emulsion. For instance, the percentage of water separation from the synthetic emulsion was about 88 % by GDe1000 (demulsifier no. 5), whereas it was 93 % from crude B by the same demulsifier. 
Monitoring demulsification process by optical microscopy
It was previously mentioned that optical microscopy can be used in the characterization of crude oil emulsions (Manar et al., 2010; Yunus et al., 2010) . In this respect, crude oils A and B without demulsifiers and then with 300 ppm of GO2000 (code No. 3) were examined by optical microscopy. The images are shown in Figure 11 . It is clear that the water droplets are very small, and remain away from each other in the absence of demulsifier. On the other hand, when the demulsifier is added, it combines with some asphaltene molecules, causing the dispersed water droplets to approach each other and accumulate as larger ones. At the end, repeated coalescence and flocculation lead to phase separation. 
(iii) (iv) Figure 11 . Demulsification process for crude oils A and B: (i) crude oil A without demulsifier; (ii) crude oil A with 300 ppm GO2000 after 6 h; (iii) crude oil B without demulsifier: (iv) crude oil B with 300 ppm GO2000 after 6 h. Table 9 . Demulsification efficiency of the investigated demulsifiers in synthetic emulsions and crude oils A and B (Demulsifier concentration: 300 ppm; fresh water, pH 7 at 30 C after 2 h).
CONCLUSIONS
Nine sugar-based ethoxylated amine surfactants were tested as demulsifiers for light and heavy crudes at different aqueous phase conditions. It was found that the light crude was more easily demulsified than the heavy crude. The experimental data showed that changes in pH or salinity of the aqueous phase of the emulsion enhance its stability and decrease the demulsification efficiency of the applied demulsifiers. 
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